Illicium (I.) merrillianum is native to the southwest of China and Myanmar, and its root bark, bark and fruit have been used as anti-rheumatism in Chinese folk medicine. From the pericarps of this plant, we isolated some interesting sesquiterpenes such as merrillianone and cycloparvifloralone, 1) which possess a cagelike acetal and hemiacetal structure. As part of our continuous studies on the chemical constituents of the pericarps of I. merrillianum, we have isolated three new sesquiterpene lactones, 1-3, along with tashironin, 2) as well as an inseparable mixture of parviflorolide (7) and cycloparviflorolide (8) .
3) Compound 1 has a carbon skeleton similar to 13-acetoxy-14-(n-butyryloxy)floridanolide (4) 4) and minwanensin (6), 5) whereas compound 3 is closely related to pseudomajucin-type sesquiterpene lactone. 6) Compound 2, in particular, belongs to pseudoanisatintype sesquiterpene 7) and features the presence of an additional 2,10-ether linkage. In this paper, we deal with the isolation and structural elucidation of these three new compounds 1-3.
Compound 1 has the molecular formula C 22 8) However, its IR spectrum showed no absorption (about 1820 cm
Ϫ1
) due to a b-lactone carbonyl group, and a large AB-type coupling constant (12.0 Hz) for H-14 in 1 was observed instead of 6.6 Hz for H-14 in anisatin. Considering the coupling constant of H-14 and the presence of an extra tertiary methyl group at d H 1.36, 1 was deduced to be a structure which consists of a carbon skeleton similar to that of 13-acetoxy-14-(n-butyryloxy)floridanolide (4) 4) and minwanensin (6).
5) The benzoyl group was assigned to connect to C-14 on the basis of a cross peak between H-14 (d H 4.34 d and 4.39 d) and the carbonyl carbon (d C 166.0) of the benzoyl group in the heteronuclear multiple quantum coherence (HMBC) spectrum. All the 1 H-and 13 C-NMR signals were unambiguously assigned by analyses of the various two-dimensional (2D)-NMR spectra (Tables 1 and 2 ).
The relative configuration on C-1, 5, 6 and 10 was clarified by the nuclear Overhauser enhancement and exchange spectroscopy (NOESY) experiment, as shown in Fig. 2 2 ) showed that C-2, C-4, C-6 and C-10 attached an oxygen atom, respectively. Among them, C-4 and C-6 were verified to bear hydroxyl groups (d H 6.94 and 8.97) on the basis of HMBC correlations (Fig. 3) . In consideration of the degree of unsaturation, an ether linkage should be formed between C-2 and C-10. In fact, the C-2 and C-10 carbons in 2 resonated at d C 82.4 and 81.3 lower than pseudomajucin 6) and pseudoanisatin 7) with hydroxyl groups on the C-2 and Structures of three new sesquiterpene lactones 1-3, isolated from the pericarps of Illicium merrillianum, have been assigned as 14-O-benzoylfloridanolide, 2,10-epoxy-3-dehydroxypseudoanisatin and 7-O-methylpseudomajucin on the basis of spectroscopic data and chemical transformation. The structure of 2, having an ether linkage between C-2 and C-10, has been confirmed by X-ray crystallographic analysis.
C-10 position, respectively. This also substantiated the ether bond formation between C-2 and C-10. The relative stereochemistry of 2 was deduced to be the same as pseudoanisatin, according to NOESY. Thus, the structure of 2 was elucidated to be that shown in Fig 1. Finally, X-ray crystallographic analysis of 2 [the Oak Ridge thermal ellipsoid plot program (ORTEP) drawing of 2 is showed in Fig. 4 tral data suggested that 3 was a pseudomajucin with an extra methoxyl group. In fact, the 13 C-NMR spectra of 3 showed that only C-7 and C-8 signals for 3 were shifted to a low field and high field, respectively, in comparison with those of 5. This meant that 3 had a methoxyl group at the C-7 position, which replaced the hydroxyl group existing in 5. This was confirmed by the presence of a HMBC correlation between OCH 3 (d H 3.40) and C-7 (d C 108.8).
The relative configuration for 3 was determined to be the same as that of 5 by NOESY and by the following chemical transformation. Treatment of 5 with anhydrous methanol in the presence of Amberlyst-15 gave a methylated product, whose 1 H-NMR data and specific optical rotation were identical with those of 3. Thus, the structure of 3 was determined to be 7-O-methylpseudomajucin.
Among three new compounds, 1-3, compound 2 possesses an ether linkage between C-2 and C-10, such as 1,4-epoxy-6-deoxypseudoanisatin 9) isolated from I. dunnianum. To the best of our knowledge, only these two Illicium sesquiterpene lactones have this kind of ether linkage, and all oxygen bridges in the other Illicium sesquiterpenes, such as 8,
2) 5 7) and neodunnianin, 9) exist as hemiacetal or acetal groups.
Experimental
Melting points were determined on a Yanagimoto micro melting point apparatus. Optical rotations were measured on a Jasco DIP-1000 digital polarimeter. IR spectra were measured on a Jasco FT-IR 5300 infrared spectrophotometer. NMR spectra were recorded on a Varian Unity 600 instrument. Chemical shifts were given as d (ppm) with tetramethylsilane as an internal standard. The MS were recorded on a JEOL AX-500 instrument. Column chromatography was carried out on Kieselgel 60 (70-230 mesh and 230-400 mesh) and Sephadex LH-20.
Plant Material The ripe fruits of I. merrillianum A. C. SMITH were collected in Yunnan, China in September 1998, and voucher specimen 94041 has been deposited in the Herbarium of Beijing University of Chinese Medicine.
Extraction and Purification The pericarps of I. merrillianum (3.7 kg) were powdered and extracted with methanol at room temperature to give 1 kg of pale yellow extract. The extract (430 g) was chromatographed on 400 g silica gel (70-230 mesh) and eluted successively with CH 2 Cl 2 , CH 2 Cl 2 -EtOAc (9 : 1, 1 : 1), EtOAc, EtOAc-MeOH (7 : 3) and MeOH to yield seven fractions (A-G). Fraction B was further divided by silica gel column chromatography with n-hexane-EtOAc (3 : 2) as an eluent to give 7 fractions. Fraction 3 was chromatographed on Sephadex LH-20 (MeOH), and silica gel eluted by CHCl 3 -MeOH (40 : 1) to give tashironin (9 mg). Fraction 6 was subjected to column chromatography on Sephadex LH-20 to afford frs. 8-12. Of these fractions, 14-O-benzoylfloridanolide (1) (8) and parviflorolide (7, 510 mg) were isolated by crystallization from fr. 18. Fraction 21 was separated by chromatography on silica gel using CH 2 Cl 2 -MeOH (15 : 1) as eluent to give frs. 24-28. 7-O-Acetylanislactone B (8 mg), 2,10-epoxy-3-dehydroxypseudoanisatin (2), (16 mg) and 7-O-methylpseudomajucin (3), (7 mg) were isolated by HPLC [Cosmosil 5C18-AR-II, 10ϫ50 mm, i.d., MeOH-H 2 O (2 : 3, 2 ml/min)] from fr. 24.
14-O-Benzoylfloridanolide (1) Methylation of Pseudomajucin (5): A mixture of 5 (2 mg) in 0.2 ml of anhydrous methanol containing two pieces of Amberlyst-15 was stirred at room temperature overnight. The product was separated by silica gel TLC [CH 2 Cl 2 -EtOAc (1 : 2)]. The specific optical rotation and 1 H-NMR data of this product were identical with those of 3.
